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Background: Injuries are the ninth leading cause of death in the world and disproportionately affect low-
and middle-income countries. Head injury is the leading cause of trauma death. This study examines the
epidemiology and outcomes of traumatic head injury presenting to a tertiary hospital in Malawi, in order
to determine effective triage in a resource limited setting.
Methods: The study was conducted at Kamuzu Central Hospital (KCH) in Lilongwe Malawi during a three-
month period. Vital signs and Glasgow Coma Score (GCS) were prospectively collected for all patients
that presented to the casualty department secondary to head injury. All head injury admissions were
followed until death or discharge.
Results: During the three-month study period, 4411 patients presented to KCH secondary to trauma and
841 (19%) had a head injury. A multivariate logistic regression model revealed that GCS and heart rate
changes correlated strongly with mortality. There is a four-fold increase in the odds of mortality in
moderate versus mild head injury based on GCS.
Conclusion: In a resource limited setting, basic trauma tools such as GCS and heart rate can effectively
triage head injury patients, who comprise the most critically ill trauma patients. Improvements in head
injury outcome require multifaceted efforts including the development of a trauma system to improve
pre-hospital care.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Injuries are a major public health problem that dis-
proportionately affects low- and middle-income countries (LMIC).
The most recent World Health Organization’s (WHO) Global Burden
of Disease from 2004 reports road trafﬁc injuries (RTIs), homicides,
falls, and other sources of physical injury account for about 5 mil-
lion deaths each year with associated permanent disabilities among
the 40e50 million survivors.1 Head injury remains the most com-
mon cause of death following trauma, with particularly high mor-
tality and morbidity in LMIC.2,3 It is estimated that head injury
affects 10 million people annually.4
Due to the poor vital registration infrastructure in LMIC, WHO
mortality statistics are often based on estimates and expert-derived
assumptions. For example, in 2004 for the 46 African countries
represented, population-level data was not available for forty-three, University of North Carolina
, Chapel Hill, NC 27599-7050,
.
ciates Ltd. Published by Elsevier Ltof these countries; therefore WHO mortality statistics may be an
underestimation of the true burden of traumatic disease in sub
Saharan Africa. The 1996 Global Burden of Disease (GBD) survey by
Murray et al. attributed 62% of head injury to road trafﬁc crashes,
with the highest burden in Latin America and sub Saharan Africa.5
The World Health Organization (WHO) estimates that RTIs will be
the third leading cause of premature death among all age categories
by 2020.6,7 In sub Saharan Africa there is a paucity of accurate
trauma data on the contribution of head injury to trauma-related
mortality. A cross sectional hospital based study in Nigeria found
that 31% of all trauma deaths were attributable severe head injury.8
A trauma care audit at a regional trauma centre in South Africa
found that 25% of admissions were due to traumatic brain injury.9
We therefore undertook this prospective study to evaluate the
burden of head injury among trauma patients presenting to
Kamuzu Central Hospital (KCH), a tertiary public hospital serving
Lilongwe, Malawi’s capital city. Our goal is to assess predictors of
mortality and propose methods of more effective triage of head
injured trauma patients within our resource poor environment
lacking neuro-imaging capabilities.d. All rights reserved.
Fig. 1. Patient selection.
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2.1. Study setting
The study was conducted at Kamuzu Central Hospital (KCH), a 600-bed tertiary
care centre situated in Lilongwe, Malawi with a catchment population in 5 million
people in central region of Malawi. Malawi is located in the southeast region of sub
Saharan Africa with a population of 16 million on a land area of 90,080 square kil-
ometres, making it one of the most densely populated nations in sub Saharan Af-
rica.10 This hospital lacks a trained neurosurgeon or a computerized tomography
(CT) scan. There is a 4-bed intensive care unit (ICU), a 4-bed surgical high de-
pendency unit (SHDU), and three surgical, one orthopaedic adult ward and two
paediatric surgical wards. There is no pre-hospital care system in Malawi and
minimal basic life support measures are available prior to hospital arrival. In 2008,
a hospital based trauma and injury surveillance registry was established in collab-
oration with the University of North Carolina (UNC) at KCH.11
2.2. Study design
The KCH trauma registry already collected general demographic and injury in-
formation on all trauma victims presenting to the hospital with collection methods
and data points previously described.11,12 Our study was a prospective observational
adjunct to the trauma registry collecting information on all patients admitted with
head injury. While the terms traumatic brain injury and head injury are often used
interchangeably, in a setting without neuro-imaging to conﬁrm the presence of
brain damage, we will use the term head injury.
Head injury is deﬁned as a history of trauma to the head with or without
objective ﬁndings such as injuries in the head and face region, with or without an
altered level of consciousness or focal neurological ﬁndings or changes in mental
status as objectively measured on the Glasgow Coma Score (GCS) or skull fracture on
plain radiography. Patients were excluded from analysis if they were dead on arrival,
had injuries secondary to burns, or were lost to follow up.
2.3. Data collection
Data on all patients presenting with head injury to KCH between January and
April 2011 were included in this study. In addition to the demographic information
within the KCH trauma registry, vital signs and neurologic examination character-
istics were prospectively collected on all head injured patients. Speciﬁcally, data
collected on arrival to the casualty department included vital signs and GCS and
pupillary reactivity.13e15 This information was also repeated within 24 h of arrival
and followed by weekly clinical neurological assessments until death or discharge.
For patients under the age of 5, the Glasgow Paediatric Coma Scale (GPCS) was
used.16,17 Head injured patients were identiﬁed as either isolated head injury or head
injury with polytrauma. For patients under general anaesthesia, sedated and/or
intubated, pre-intervention vital and clinical signs were used for calculations.
Data was entered into a Microsoft Excel database (Microsoft, Seattle, WA, USA)
that was updated weekly. GCS was calculated in the usual standard fashion by
combining the clinical assessments for eye, verbal and motor components. GCS was
categorized into 13e15, 9e12 and 3e8 to represent mild, moderate and severe
head injury, respectively. In order to examine the difference in injury severity
between trauma patients with solely a head injury versus head injured trauma
patients with polytrauma, we calculated Kampala Trauma Score (KTS) for three
separate subgroups: trauma patients with isolated head injury, head injured pa-
tients with polytrauma, and polytrauma patients without a head injury (this latter
data was extracted from the KCH trauma registry for the same time period as our
study). The KTS is an injury severity scoring system designed for resource poor
settings comprised of respiratory rate, systolic blood pressure, age and neurologic
status that has been described and validated.18,19 Mild, moderate and severe in-
juries are deﬁned as KTS scores of 14e16, 11e13 and <11 according to the original
validated KTS scoring system.20 Only those trauma patients who presented from
January to April 2011 and had values recorded for each of these parameters were
included in the analysis.
2.4. Data management and data analysis
Data was analyzed using STATA 12.0 (StataCorp, College Station, TX, USA).
Bivariate analysis to assess variables associated with head injury related mortality
using simple t-test or one-way ANOVA was performed. Statistically and clinically
signiﬁcant variable were included in our multivariate logistic regression model for
predictors of head injury related mortality. Variables included in the logistic
regression model include age, gender, presence or absence of multiple injuries, vital
signs, and GCS. The odds ratio for mortality was determined for each of the variables
with appropriate conﬁdence intervals and cut-off value for signiﬁcance was set to
p < 0.05.
An international IRB for this study has been approved. Registered with the USA
Ofﬁce for Human Research Protections (OHRP) IRB Number IRB00003905
FWA00005976.3. Results
During the three-month study period, 4411 patients were cap-
tured within the KCH trauma registry (Fig. 1). Of these, 841 (19%)
had head injury and only 201 (24%) of head injured patients were
admitted, and 18 (2%) were dead on arrival (referred to as brought
in dead). 345 (41%) of patients presenting with head injury to the
KCH emergency department had complete demographic informa-
tion, vital signs, GCS and injury characteristics. Agewas categorized
into 3 groups, less than 15 years, 15e44 years of age and greater
than 44 years of age. Only patients with a complete dataset were
included in the analysis (Fig. 1).
Of the 345 patients included in analysis, 324 (94%) survived
(Table 1). While themajority of thosewho survivedwere in the 15e
44 year old group (86.4%), a statistically signiﬁcantly number of
patients that died were >44 years (23.8%; p ¼ 0.03). Multiple
injuries were more common in patients who died (62%) than in
patients who lived (37.4%), which was a statistically signiﬁcant
difference (p ¼ 0.04; Table 1).
There was a statistically signiﬁcant difference in mortality based
on the following variables: GCS, Heart Rate (HR) and Systolic Blood
Pressure (SBP) on arrival to the emergency department (Table 1).
While most patients who survived had evidence of a mild head
injury (GCS 13e15; 94.1%), the majority of those who died had
a moderate (GCS 9e12) or a severe (GCS 3e8) head injury, 14.3%
and 47.6% respectively. Similarly, there was a statistically signiﬁcant
difference in heart rate and SBP and mortality outcome (p < 0.001),
with the majority of survivors having HR between 60 and 100 beats
per minute (79.9%) while the majority of those who died had
a HR > 100 (61.9%) (Table 1).
Variables such asmechanism of injury and abnormal pupil exam
at 24 h were excluded from the multivariate logistic regression
model due to co-linearity with other variables, for example poly-
trauma and a motor vehicular crash mechanism of injury. Our
model includes age, gender, the presence of multiple injuries, GCS,
HR and SBP on admission (Table 2). Our results show that patients
44 years and older had 6.57 higher odds of death compared to
patients 15e44 years old, which was statistically signiﬁcant
(p < 0.035). Being female and having multiple injuries conferred
Table 1
Head injury patient characteristics & bivariate analysis.
Characteristic Lived N ¼ 324 Died N ¼ 21 p-Valuea
Age (years) 0.03
<15 5.6% 9.5%
15e44 86.4% 66.7%
>44 8.0% 23.8%
% Male 79.6% 71.4% 0.41
% Polytrauma 37.4% 61.9% 0.04
GCS e Emergency room <0.001
13e15 94.1% 38.1%
9e12 4.3% 14.3%
3e8 1.5% 47.6%
HR e Emergency room <0.001
<60 4.6% 14.3%
60e100 79.9% 23.8%
>100 15.4% 61.9%
SBP e Emergency room <0.001
<90 3.4% 19.1%
90e120 35.5% 38.1%
121e150 56.5% 14.3%
>150 4.63% 28.6%
a Signiﬁcance p < 0.05, based on Fisher’s Exact Test for categorical variables and
two-sided t-test for continuous variables.
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(Table 2). A change from mild to moderate head injury increased
the odds of mortality four fold (4.02, 95% CI 0.69e23.5) while
a change from mild to severe head injury increased the odds of
mortality 88 times (88.2, 95% CI 12.6, 618). Similarly, a drop in heart
rate from the reference category of 60e100 beats per minute to
below 60 beats per minute resulted in a 10.9 times increased
odds of death. An increase in heart rate was more strongly
correlated with death than the correlation between a decrease in
heart rate and death. An increase in heart rate to greater than
100 beats per minute resulted in a 11.6 times greater odds of
death. A drop in systolic blood pressure from the standard of 90e
120 mm Hg to below 90 mm Hg did not have a statistically sig-
niﬁcantly higher odds of death, however a systolic blood pressure
greater than 120 mm Hg but less than 150 mm Hg was found to
have a protective effect, one-tenth the odds of death (Table 2). ThisTable 2
Head injury patients: adjusted odds ratio comparing patient characteristics and
mortality.
Characteristic Adjusteda odds ratio (95% CI) p-Valueb
Age (years)
15e44 1
<15 0.26 (0.02, 4.36) 0.35
>44 6.57 (1.14, 37.9) 0.035
Gender
Male 1
Female 1.33 (0.29, 6.11) 0.71
Polytrauma 1.98 (0.43, 9.06) 0.37
GCS
13e15 1
9e12 4.02 (0.69, 23.5) 0.12
3e8 88.2 (12.6, 618) 0.001
Heart rate (bpm)
60e100 1
<60 10.9 (1.21, 98.4) 0.033
>100 11.6 (2.67, 49.9) 0.001
Systolic blood pressure (mmHg)
90e120 1
<90 2.54 (0.41, 16.0) 0.32
121e150 0.09 (0.01, 0.73) 0.024
>150 0.94 (0.10, 9.13) 0.96
a Based on the results of a logistic regression model adjusted for Age, Gender,
Polytrauma, GCS, Heart Rate and Systolic Blood Pressure in Emergency Room.
b Statistical signiﬁcance p < 0.05.was true for patients with isolated head injury and head injury with
polytrauma. A systolic blood pressure greater than 150 mm Hg did
not have an increased odds of death as would be expected with
Cushing’s triad.
The mechanism of injury was examined in the group of patients
comprising the primary analysis; however data for mechanism of
injury was present on only 326 patients in this group. Of these, the
vast majority of patients in the deceased group had injuries sec-
ondary to motor vehicle crashes (MVC; 88.2%), while 55.7% of
survivors were injured secondary to assault (Table 3).
Of the 201 patients admitted with head injury, 148 received
a pupil exam within 24 h of admission. Of these, only 136 could be
assessed due to facial swelling, and 18 had an abnormal exam.
However, unadjusted logistic regression analysis revealed that pa-
tients with an abnormal pupil exam had a 12.6 times increased
odds of mortality (95% CI: 3.8, 42.3). Of the 201 patients admitted to
KCH with head injury, 14.7% required a higher level of care such as
ICU or HDU compared to 2% of all other traumas. The mean hospital
length of stay for head injured patients was 8.6 days (std 12.8 days)
without a signiﬁcant difference in length of stay between survivors
and those who died (8.3 days versus 7.9 days; p ¼ 0.72).
In order to determine if head injured polytrauma patients had
higher injury severity than patients with isolated head injury or
polytrauma patients without head injury, we compared the Kam-
pala Trauma Score (KTS) between groups. There was no difference
in the KTS between patients with isolated head injury versus non-
head injured polytrauma patients (14.6 vs. 14.5); both of which
were on average “mildly injured” (Table 4). However, head injured
polytrauma patients had a lower KTS score (13.2 1.25) that placed
them in the “moderately injured” group on average. Due to the
limited number of patients on whom complete parameters were
recorded (particularly respiratory rate), we could not achieve sta-
tistical signiﬁcance.
4. Discussion
Head injury, according to the World Health Organization, will
surpass many diseases as the major cause of death and disability by
the year 2020. The global burden which head injury related mor-
tality and morbidity imposes on society makes this condition
a pressing public health concern. This is especially prominent in
lowandmiddle-income countries that face a higher preponderance
of risk factors for causes of head injury and have inadequately
prepared health systems to address the causes and mitigate the
associated health consequences. Sub Saharan Africa demonstrate
a higher head injury related incidence rate varying from 150 to 170
per 100,000 respectively due to motor vehicular crashes (MVCs)
compared to a global rate of 106 per 100,000.21
The higher incidence of head injury with MVCs in sub Saharan
Africa compared to other regions of the world is due to rapid ur-
banization with shared use of roads by motor vehicles, bicyclists,
pedestrians, and other modes of transportation, with Africa having
the fastest growing cities.22 Therefore anMVC in sub Saharan Africa
is more likely to involve vehicle versus pedestrian or vehicle versus
bicyclist than it is to involve vehicle versus vehicle. PreventionTable 3
Mechanism of head injury.
% Mechanism Lived N ¼ 309 Died N ¼ 17 p-Valuea
Motor vehicle crash (MVC) 35.0% 88.2% <0.001
Assault (Violence) 55.7% 5.9%
Fall 5.8% 0
Collapse structure 2.3% 5.9%
a Signiﬁcance p < 0.05, based on Fisher’s Exact Test for categorical variables.
Table 4
Kampala trauma score.
KTS head injury
only N ¼ 79
KTS head injury þ
polytrauma N ¼ 49
KTS polytrauma no
head injury N ¼ 61
14.6 (0.77) 13.2 (1.25) 14.5 (0.81)
12e15 9e14 12e15
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Saharan Africa, but implementation is an issue. Safety belt use is
a well-documented and effective preventive intervention against
road trafﬁc injury, known to reduce the risk of serious head, chest,
and extremity injury by 50%e83%.23 This may be helpful in sub
Saharan Africa, as anecdotal evidence indicates that more than half
of vehicles lack functional safety belts and observed seat belt use is
low. It should be noted that car ownership and use rates are sig-
niﬁcantly lower in sub Saharan African than in high-income
countries, leading to a higher proportion of motorcycle and bicy-
cle use. Although helmet use prevalence varies by country and
more surveillance data are needed, three limited observational
studies in Nigeria and Ghana estimate rates of 4.5%e20%24,25 and
34%,26 respectively. This emphasizes the need for RTI prevention
strategies focused on helmet use.
Taking into account the higher incidence of head injury with
MVCs in sub Saharan Africa, this prospective observational study on
head injury at a sub Saharan urban African hospital demonstrates
that head injury also places a signiﬁcant burden on hospital re-
sources and must be aggressively triaged. One out of 5 trauma
patients presenting to KCH had a head injury. This is similar to other
studies conducted in different parts of sub Saharan Africa.8,9,27 Our
analysis correlates with the current literature on GCS with a drop in
GCS associated with increased odds of mortality.13,28,29
In addition, head injury patients require resuscitation like all
other trauma patients; in our study patients with tachycardia had
a greater odds of mortality than patients with bradycardia or pa-
tients with elevated systolic blood pressure (>150 mm Hg) as
would be expected with Cushing’s triad. This reﬂects trauma pa-
tients whose injury severity was increased by the presence of
multiple injuries leading to hemorrhagic shock that exacerbated
their head injury. Head injury patients with polytrauma had
a higher injury severity (as measured by KTS) than patients with an
isolated head injury. All the deceased in the moderate head injury
group (GCS 9e12) had multiple injuries and not an isolated head
injury, while the deceased in the severe head injury group (GCS 3e
8) included both polytrauma patients and patients with isolated
head injury. Even a moderate head injury in the presence of poly-
trauma is lethal in a resource limited setting.
Based on this study, it is evident that there are several oppor-
tunities to improve trauma care at KCH. First, basic trauma care
including immediate measurement of GCS and vital signs on all
trauma patients is essential. In addition, there should be triage
guidelines for head injury patients based on GCS and neurologic
exam. In a setting with limited ICU beds, one queries whether pa-
tients with GCS 3 and an abnormal pupil exam should receive ICU
care since their likelihood of survival is low.
Secondly, polytrauma head injured patients are the most
severely injured trauma patients at KCH and this should trigger
a higher triage urgency and disposition for this subgroup of head
injured patients. The survival of these head injured patients is
highly dependent on timely and accurate management.30,31 The
quality of early acute care in head injury is critical in determining
not only mortality but also in limiting morbidity, and the man-
agement of head injury can serve as a marker for the development
of KCH trauma care.2
Ultimately, the development of a trauma system will be ideal.
The American College of Surgeons Committee on Trauma (ACS COT)states that “a trauma system is an organized, coordinated effort in
a deﬁned geographic area that delivers the full range of care to all
injured patients and is integrated with the local public health
system.32 This will lead to the optimization of pre-hospital and in-
hospital care of the patient, thereby limiting further physiologic
insult from occurring and ultimately reducing morbidity and
mortality. As shown by our study, many head injury patients die
before arrival to the hospital due to the lack of pre-hospital emer-
gency care. The mortality of inpatient head injury patients was
12.4%, twice the 6% mortality rate quoted for trauma patients in
high-income nations.27 In many high-income nations such as the
United States, United Kingdom and Sweden, the establishment of
trauma systems has reduced the morbidity and mortality second-
ary to injury and greatly reduced the economic burden of injury.2
While guidelines have been established for the care of patients
with severe head injury, these protocols require some of the most
expensive resources of a high-income country such as CT imaging
and neurosurgical capabilities.33 Even the WHO recommendations
for the Essentials of Trauma Care recognize that “it is unlikely that
low- or even middle-income countries will be able to meet these
guidelines fully”.33 In the mean time, low income nations such as
Malawi can focus on implementing pre-hospital care training that
has been show to be effective in other sub Saharan African na-
tions,34,35 while simultaneously improving tertiary and critical care
capacity at central hospitals such as KCH. A recent study estimates
between 1.7 and 1.9 million lives could be saved in low income and
middle-income countries if case fatality rates among seriously
injured persons could be reduced to those in high-income coun-
tries36 primarily through improved pre-hospital care and acute care
in-hospital. Ultimately, reducing the burden of head injury in this
environment will require multifaceted efforts that include primary
prevention of the cause of themost severe injuries: motor vehicular
crashes.
Our study was limited by the challenges of collecting complete
datasets in this environment as previously reported.11 Due to the
incomplete data collected on multiple patients in the study, se-
lection bias may be present. However, most of the patients with
incomplete data were outpatients who probably had the least se-
vere head injuries. Therefore, our dataset probably accurately re-
ﬂects the inpatient burden of head injury in a resource poor setting,
with head injuries comprising the severest injuries that require the
highest level of resources.
5. Conclusions
Appropriate preventive measures may help to reduce the fre-
quency of head injury in our population. This study demonstrates
that head injury mortality may be modiﬁable by early and accurate
triage. Our study provides insight into the burden head injury in an
urban sub Saharan African hospital and possible avenues to
improve the care of these trauma patients.
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